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ABSTRACT 



A device for driving an electroacoustic transducer (1) 
comprising a feedback amplifier and a pickup (2) whose 
output signal is a measure of the acoustic output signal 
of the transducer. A by-pass network (4) bypasses at 
least the transducer and the pickup and produce ah 
output signal that for frequencies outside the operating 
range of the transducer is large and for frequencies m 
the operating range (fi to ft) of the transducer is small 
relative to the pickup output signal. The sum of the 
output signals of the pickup and the by-pass network 
serves as a feedback signal. This widens the transducer 
frequeiicy range and reduces distortion. The device 
may include a limiter (11) and a network (5) before the 
transducer. The network has a frequency response in- 
verse to that of the signal path from the electroacoustic 
transducer to the pickup to provide an additional reduc- 
tion in the distortion. 

16 Claims, 3 Drawhig Figures 
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so that positive feedback may occur instead of negative 

MFB SYSTEM WITH A BY.PASS NKTWORK feedback. 

■ - The step in accordance with the invention now en- 

The invention relates to a device for converting an sures that the device also remains stable in the range 
electric signal into an acoustic signal, and more particu^ 5 outside the operating ffequiency range of the transducer 
larly to an electrostatic conversion device that jirovides because in this range the negative feedback signal is 
a high fidelity sound signal from an electric input signal. mainly determined by the output . of the by-pass net- 

U.S. Pal. 4»180,706 describes a device comprising an work, which in this range has a substantially higher 
electroacoustic transducer, means for driving said elec- . amplitude than the pickup signal and is not affected by 
troacoustic transducer, a pickup for supplying an elec- 10 said uncontrolled phase shifts. Within the operating 
trie output signal which is a measure of the acoustic range of the transducer the pickup signal is accurately 
output signal of the transducer, a bypass network which related to the volume velocity of the transducer so that 
electrically bypasses at least the transducer and pick-up, in this range the signal from the pickup may be used as 
a combination unit for combining the output signals of . a feedback signal. 

the pick-up and the bypass network, and a feedback 15 Owing to the increased stability of the device it is 
circuit for feeeding back the output signal of the combi- now possible to apply sitronger feedback within the 
nation unit as a negative feedback signal. The object of device so that higher reproduction fidelity and reduced 
such a device is to achieve optimum fidelity between distortion can be achieved over a wider operating range 
the sound signal radiated by the transducer and the of the transducer. 

electric input signal. In order to achieve this, a bypass 20 It is to be noted that German Offenlegungsschrift No. 
network is provided which operates inside the operat- 2626652, U.S. Pat. No. 4,276,443 and British Pat. No. 
ing frequency range of the transducer. However* such a . 1,534,842 all show devices having a by-pass network 
device is apt to give rise to instabilities (accoustic fejed- which bypasses the transducer and the pick-up as well, 
back) which fully eliminates the effect of the optimum However, in all cases the by-pass network does not 
fidelity. 25 produce an output signal which can serve as a feedback 

An object of the invention is to provide a device in signal in the low frequency region below, as well as in 
which the degree of negative feedback can be increased the high frequency region above, the operation fre- 
substantially without the device becoming unstiable so quency range of the transducer, 
that very stringent requirements in respect of the fidel- The by-pass network of the device in accordance 
ity of reproduction and the freedom from distortion can 30 with the invention may be characterized in that it com- 
be met and the frequency range can be extended consid- prises a band-stop filter having two cut-ofF frequencies 
erably. that correspond to the limit frequencies of the operating 

The device in accordance with the invention is there- frequency range of the transducer, 
fore characterized in that the by-pass network, which This step ensures that the device is stable for both low 
electrically bypasses at least the transducer ahd the 35 and high frequencies. Such a band-stop filter may for 
pickup, and which is adapted to produce an output example be realized by the parallel arrangement of a 
signal which for frequencies within the operating fre- low-pass and a high-pass filter, 
quency range of the transducer is small and for at fre- The by-pass network may further be characterized in 
quencies situated outside the operating frequency range that a filter in said network has a filter characteristic of 
of the transducier is large relative to the output signal of 40 at least thie second order. 

the pickup. As the difference between the amplitude of the trans- 

The invention is based on the recognition that insta- mission from the transducer to the pickup and the trans- 
bilities are mainly caused by signals of frequendies out- mission amplitude of the by-pass network is a measure 
side the operating frequency range of the transducer, of the effective feedback in the device, a greater differ- 
namely low-frequency instabilities as a result of signals 45 ence between the two aniplitudes is obtained owing to 
with frequencies in the frequency range below the oper- thei steeper roll-off of the higher order filters so that 
ating frequency range of the transducer or high-fre- greatei: effective feedback is obtained in the operating 
quency instabihties as a result of signals with frequen- range of the transducer, which may yield an additional 
cies above the operating frequency range of the trans- reduction of the distortion. 

ducer, or as a result ofboth low-frequency and high-fre- 50 A second embodiment of the device in accordance 
quency signals. In these frequency ranges the output with the invention is characterized in that the trans- 
signal of the pickup is no longer suitable for use as the ducer is preceded by a second network whose fre- 
feedback signal because the pickup signal sometimes quencyresponsein the operating frequency range of the 
exhibits phase shifts of 180' so that positive feedback transducer at least substantially corresponds to the in- 
may occur instead of negative feedback. 55 verse of the frequency response of the signal path from 

Low-frequency instabilities arise because the trans- the input of the transducer to the output of the pickup, 
minion characteristic of the transducer pick-up combi- This ensures that the effective feedback in the operating 
nation exhibits a large phase shift for these frequencies range of the transducer can be increased significantly, 
so the instabilities occur when increasing the amount of so that an additional reduction of the distortion can be 
negative feedback. Furthermore, the pick-up produces 60 obtained, the operating frequency range of the trans- 
a very small amplitude, for DC even zero in some cases, ducer can be extended, and the low frequency and the 
so that only a minimal amount of feedback occure. high frequency roll-off of the by-pass network can be 

High-frequency instabilities are caused by the fact shifted to the lower and the higher frequencies respec- 
that the sound-radiating diaphragm of a sound trans- ti vely. 

ducer starts to break up at these frequencies - the dia- 65 A preferred embodiment of the device in accordance 
phragm surface no longer vibrates all over with the with the invention is characterized in that, in order to 
same phase - which results in substantial phase shifts and avoid clipping of the signals in the device, the device 
amplitude variations in the output signal of the pick-up comprises a limiter with the limiting level of the limiter 
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at least substantially corresponding to the level of the The movement may alternatively be detected optically 

dynamic range of the device. If the device is overdriven instead of mechanically. 

by an excessive input signal without the presence of a The output signal of the combinadon unit 9 is applied 
limiter, this signal will be clipped by the device. This to the by-pass network 4 and to the transducer 1. The 
clipping action of the device cannot be corrected so that 5 network 5 need not necessarily be included in the de- 
distortion increases. The introduction of a limiter pre- vice. The network 5 has a frequency response which is 
vents the occurrence of such a clipping action so that the inverse of the overall frequency response of the 
the high reproduction fidelity and freedom of distortion signal path from the input of the transducer 1 to the 
are maintained. output of the pickup 2. This ensiires that the signal path 

A further embodhnent of the device in accordance 10. from the input of the network 5 to the output of the 
with the invention is characterized in that the input of pickup 2 has a substantially flat frequency response 
the limiter is coupled to an input terminal of the device purve. This frequency response curve is designated 10 
for receiving an input signal. This step is based on the ^ ^}^- ^- . , , , 
recognition that if the limiter were included at a differ- The by-pass network 4 should have a frequency re- 
ent location in the device, for example in the negative »3 ^ponse such that its output signal at frequencies situated 
feedback loop, this would reduce the negative feedback, operatmg range of the tranwiucer, represented by 
which is particularly undesirable at maximum drive frequency range between the frequencies 
because this is the very situation in which the greatest ^}^' \ 'fi»^^« ^« ^f^^^ «pal of the 
distortion occurs. This step now ensures that a maxi- P^^^^^JP,^. and that the outpu signal of the by-pass net- 
mum drive full benefit can be derived from the maxi- 20 work 4 at frequaicies situated above and below Oie 
mum attainable negative feedback, which keeps the operatmg range of the transducer is^to^^ 
distortion in the device very small. ^'^"f P^^'^^P ^* . , , . 

Ano^er embodiment o7the device in accordance , ow-frequency and high-frequency mstabili- 

, * • J • * *u I — * - ■ ties are anticipated, the by-pass network should com- 

with the invention is characterized in that the limiter is .^^ ^ ^ «,.*_^fr 

. - , . - • ^ ji /-I* L * 25 pnse a band-stop lUter whose cut-oii frequencies corre- 

provided with an associated low-pass filter whose cut- ifLj* «r ♦i,^ ft.- 

- . . J L 1 JL \ 1- r spond to the limit frequencies of the operating fre- 

off frequency is situated below the lower hmn of the ^ transducer, 

operating frequency range of the transducer. Further- ^ ^^^^ ^ frequency response curve for 

more, the input of the ^ociated low-p^us filter is con- ^ ^^^^^^^ ^ designated 11 in FIG. 2, the 

nected to the input of the transducer and the output of 3^ amplitude and the frequency being plotted logarithmi- 

the associated low-pass filter IS connected to the con^^^ ^ ^^rtical and horizontal axes respec- 

input of the limiter. As the frequency response of the tively 

input signal of the transducer is not entirely flat, the j^is characteristic may for example be obtained by 
device can no longer be dnven to the full extent at all ^|jg parallel arrangement of a low-pass filter and a high- 
frequencies owing to the presence of the limiter. This 35 ^^^^^ ^^ose respective cut-off frequencies at least 
last step yields the advantage of a fequency-dependent substantially correspond to the lower limit fi and the 
limitation so that the device can be driven to the full upper limit f* respectively of the operating frequency 
extent for all frequencies, range of the transducer. 

The invention will now be described in greater detail xhe effective feedback for the transducer in its oper- 

with reference to the drawing. In the drawing: 40 ating range is determined by the difference in level 

FIG. 1 shows a first device in accordance with the between the curves 10 and 11 in FIG. 2. By selecting a 

invention, characteristic for the by-pass network 4 which rolls off 

FIG. 2 shows two possible frequency response curves j^^^^ steeply in the operating frequency range of the 

for the cross-over network of FIG. 1, and transducer, the said difference can be increased, so that 

. FIG. 3 shows a second device in accordance with the 45 a more effective feedback can be realized. An example 

invention, equipped with a liniiter. of such a characteristic with a steeper roll-off for the 

FIG. 1 shows a device in accordance with the inven- by-pass network 4 is represented by the dashed line 12 

tion comprising an electro-acoustic transducer 1. a in FIG. 2. Such a characteristic can for example be 

pickup element whose output signal is a measure of the obtained by using filters in the by-pass network having 

acoustic output signal of the transducer 1, an amplifier 50 a higher order characteristic, for example a second 

3, a by-pass network 4, a second network 5, and a feed- order and a sufficiently high quality factor. FIG. 2 

back network 6, for example in the form of an amplifier. shows that in the operating range of the transducer the 

The input signal u/ may be applied to the device via difference in level between the characteristics 10 and 12 

terminal 7. However, it is also possible to apply the is greater than the difference between the characteris- 

input signal to another point in the circuit The output 55 tics 10 and 11. 

signal of the network 4 and that of the pickup 2 are In the operating frequency range of the transducer 
combined in a combination unit 8, for example in the the transmission of the circuit. 5-3-1-2 has a flat phase- 
form of an adder circuit and, via the feedback network and frequency characteristic. The output signal of the 
6, is supplied to a combination unit 9, for example in the pickup 2 is then suitable for use as the feedback signal, 
form of a subtracter circuit 60 As the frequency , response of the transducer 1 is lev- 
The pickup 2 may be a displacement transducer, a elled by the network 5, it is not necessary to effect such 
velocity transducer or an acceleration transducer and levelling by feedback. The feedback need only provide: 
may be connected rigidly to the voice coil (if the elec- an effective suppression of the distortion components, 
troacoustic transducer has one) or the sound-radiating and this fact, in comparison with the device without the 
diaphragm of the electroacoustic transducer. Prefera- 65 network 5 results in a substantially smaller distortion 
bly, use is made of an acceleration pickup because then and a larger operation frequency range for the trans- 
no additional correction networks for correcting the . ducer. Outside the operation range of the transducer the 
frequency response of a signal in the device are needed. output signal of the pickup.2 is not suitable for use as the 
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feedback signal. This is because for frequencies lower 
than fi the output signal of the pickup 2 drops off 
sharply (6 db/octave or more) towards lower. frequen- 
cies and thus has a very small amplitude and even con- 
tains no d.c. component. For frequencies higher than ft 3 
the sound-radiating diaphragm of the sound transducer 
starts to break up, so that substantial phase shifts occur 
in the pickup signal. 

The feedback loop including elements 5-3-1-2 is 
therefore unstable in both ranges. By employing the *0 
output signal of the by-pass network 4 as the feedback 
signal for these ranges, the device is also stable far be- 
yond the operating range- of the transducer. The result 
is an extended operating ranjge of the device and the 
possibility of stronger negative feedback, which results 
in even smaller distortion, especially at the low frequen- 
cies. " - • 

In the foregoing it has been assumed that the input 
signal of the by-pass network 4 corresponds to the input 
signal of the network 5. However, this is not necessarily 

so. ■ * ^ ' * ■ ■ • 

The input of the by-pass network 4 may equally well 
be connected to the output of the network 5 or the 
output of the amplifier 3. In either case the frequency 
response of the by-pass network 4 should be adapted 
accordingly and should . correspond to that >yhich 
would be given by a series combination of filters, one 
having the original characteristic, as is represented by 
11 or 12 in FIG. 2, and one with a characteristic which 
is the inverse of the transmission characteristic of the 
network 5. In the case that where the by-pass network 
4 is connected to the output of the amplifier 3, the by- 
pass network should moreover by corrected to take.into 
account the gain of amplifier 3. 35 

FIG. 3 shows an alternative device in accordance 
with the invention. Elements in FIGS. 1 and 3 having 
the same reference numerals arje identical. The device is 
equipped with a limiter 11, the input of the limiter being 
preferably connected directly to the input terminal 7 of. 40 
the device. The device may also be provided with a 
low-pass fitter 12 having a sufficiently low cut-off fre- 
quency, suitably of the order of magnitude of 1 Hz, 
which is sufficiently low that it is situated below the 
lower limit of the frequency range of the transducer. 45 
The input signal of the transducer 1 is applied to the 
filter and the output signal of the low-pass filter 12 is 
applied to a control input of the limiter 11 that deter- 
mines the limiting level. 

The reason for the introduction of the limiter 11 is 50 
that otherwise, when the device is overdriven by an 
excessive input signal u/, this signal will be clipped by 
the device. This clipping cannot be corrected by the 
device and results in a high degree of distortion in the 
signal for the transducer. By the introduction of the 55 
limiter 11 into the device, the limiting level, at which 
the limiter becomes operative, corresponding to the 
dynamic range of the device, overdriving of the device 
and thus the occurrence of substantial distortion in the 
device can be prevented. 60 

Moreover, including the limiter 11 before the combi-r 
nation unit 9 in the device, instead of, for example, in 
the negative feedback loop, has additional advantages. 
If the limiter were included in the feedback loop the 
negative feedback would be reduced. This would be 65 
especially undesirable, at maximum drive. At the: maxi- 
mum drive the highest degree of distortion occurs. As a 
result of the reduction of the negative feedback said 



distortion could not be suppressed in an optimuni man- 
ner. = 

. By including the limiter between the input terminal 7 
and the combination unit 9, the maximum negative feed- 
back can be maintained so that at the maximum drive 
full benefit can be derived from said negative feedback, 
which minimizes the distortion m the device. 

As the frequency response of the input signal path to 
the' transducer 1 is not flat, the device could, in the 
absence of the control by the limiter 11, no longer be 
driven to the full extent at all frequencies.: 

By applying the input signal of the transducer to the 
control input of the limiter 11 via the low-pass filter 12, 
frequency-dependent limiting is obtained so that the 
device can be driven to the full extent for all frequen- 
cies. 

Finally, it is to be noted that the invention is not 
limited to the embodiments shown. The invention may 
also be applied to devices in which the elements are 
arranged in a different sequence. For example, the feed- 
back network 6 may. equally well be included in the 
circuit between the combination unit 9 and the trans- 
ducer 1: By then deriving the input signal for the by- 
pass network 4 from the output of the amplifiei: 3 the 
following advantages are obtained. 

First of all the gain of the device and its stability will 
be independent of variations in the gain factors of the 
amplifier units 3 and/or 6. 

Secondly, the two amplifer units 3 and 6 may be 
combined and be constituted by a power amplifier of 
arbitrary type. ; - 

Furthermore, it should be note that the invention.may 
also be used in devices in which motion detection is 
effected in a manner other than those described in the 
foregoing. 

What is claimed is: 

1. A device for converting an electric signal into an 
acoustic signal comprising, an electroacoustic trans- 
ducer, means for driving said electroacoustic trans- 
ducer, a pick-up element for supplying an electric out- 
put signal which is a measure off the acoustic output 
signal of the transducer, a by-pass network which elec- 
trically bypasses at least the transducer and the pick-up 
element, a combination unit for combining the output 
signal of the pickup element and the output signal of the 
by-pass network, and a feedback circuit for feeding 
back to the transducer driving means the output signal 
of the combination unit as a negative feedback signal, 
characterized in that the by-pass network is adapted to 
produce an output signal which for frequencies within 
the operating frequency range of the transducer is small 
and for frequencies above and below the operating 
frequency range of the transducer is large relative to the 
output signal of the pickup element 

2. A device as claimed in claim 1 wherein the by-pass 
network comprises a band-stop filter having two cut-off 
frequencies correspond to the limit frequencies of the 
operating frequency that range of the transducer. 

3. A device as claimed in claim 2, wherein the band- 
stop filter comprises a parallel arrangement of a low- 
pass filter an a high-pass filter. 

4. A device as claimed in claim 3 wherein a filter in 
the by-pass network has a filter characteristic of at least 
the second order. 

5. A device as claimed in claims 1, 2, 3 or 4 further 
comprising a second network connected in a signal path 
between an input terminal and the transducer, said sec- 
ond network having a frequency response in the operat* 
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ing frequency range of the transducer that at least sub- input of the second combination unit and coupled in 
stantiaUy corresponds to the inverse of the frequency circuit so as to electrically bypass at least the transducer 
response of the signal path from the input of the trans- and the pick-up device, said by-pass network deriving 
ducer to the output of the pickup element. an output signal which for frequencies within the trans- 

6. A device as claimed in claims 1. 2, 3 or 4 further 5 ducer frequency range is small and for frequencies 
comprising a limiter coupled in circuit so as to prevent above and belpw said transducer frequency range is 
clipping of the signal in the device, the limiting level of large relative to the pick-up device output signal, and a 
the limiter at least substantially corresponding to the negative feedback network coupling an output of the 
level of the dynamic range of the device. second combination unit to an input of the first combi- 

7. A device as claimed in. claim 6, characterized in 10 nation unit. 

that the input of the limiter is coupled to an input termi- 12. A sound system as claimed in claim 11 wherein 
nal of the device for receiving an input signal. the by-pass network comprises a band-stop filter having 

8. A device as claimed in claim 6 further comprising first and second cut-off frequencies related respectively 
a low-pass filter having a cut-off frequency below the to the upper and lower limit frequencies of Uie trans- 
lower limit frequency of the operating frequency range IS ducer operating frequency range. 

of the transducer, and means connecting an input of the 13. A sound system as claimed in claini 11 further 
low-pass fdter to the input of the transducer and an comprising a second network connected in cascade in 
output of the low-pass fdter to a control input of the said signal path between an output of the first combina- 
limiter. tion unit and the transducer input, said second network 

9. A device as claimed in claim 5 further comprising 20 having a frequency response characteristic that is sub- 
a limiter connected in said signal path between the input stantially inverse to the overall frequency response 
terminal and an input of the transducer so as to prevent characteristic of a signal path from the transducer input 
signal clipping, and wherein the limiting level of the to the pickup device output, at least witin the trans- 
limiter corresponds to the level of the dynamic range of ducer operating frequency range. 

the device. 2S 14. A sound system as claimed in claim 13 wherein 

10. A device as claimed in claim 9 farther comprising said by-pass network is coupled between the output of 
a low-pass Hlter having a cut-off frequency below the the first combination unit and said second input of the 
lower frequency limit of the transducer operating fre- second combination unit. 

quency range, and means coupling the low pass filter 15. a sound system as claimed in claims 11, 12 or 13 
between the transducer input and a control input of the 30 wherein said signal path further comprises a signal lim- 
limiter so as to provide a frequency-dependent limiting iter connected in cascade between the signal input ter- 
action by the limiter. minal and a second input of the first combination unit, 

11. A sound reproduction system comprising a signal the limiting level of said limiter corresponding substan- 
input terminal, an electroacoustic transducer, a signal tially to the level of the dynamic range of the system, 
path including a first combination unit and an amplifier 35 16. A sound system as claimed in claim 15 further 
connected in cascade between the input terminal and an comprising a low-pass filter coupled between the trans- 
input of the transducer, a pick-up device coupled to the ducer input and a control input of the limiter, said Hlter 
transducer, a second combination unit having a first having a cut-off frequency below the lower frequency 
input coupled to an output of the pick-up device, a limit of the transducer operating frequency range, 
by-pass network having an output coupled to a second 40 



45 
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